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SUMMARIES 
Frederick Emerson's North American Arithmetic con- 
tained a "pasturage problem" which baffled his compatri- 
ots. Actually, as the Americans discovered forty-two 
years later, this problem was taken from Isaac Newton's 
Arithmetica Universalis. The history of this problem 
illuminates the tradition of standard artificial exer- 
cises, the isolation of American mathematics, a chain 
of mathematical and historical plagiarisms, and chang- 
ing patterns of arithmetical reasoning. 
La North American Arithmetic de Frederick Emerson 
contenait un certain "problbme de p%urage" qui a 
confondu ses compatriotes Ce n'est que quarante-deux 
ans plus tard que les americains ont appris que ce 
probleme avait && tirg de l'hrithmetica Universalis 
d'Isaac Newton. Par l'histoire de ce problkme, nous 
mettrons en lumiere une tradition d'exercises conven- 
tionnels, l'isolement des mathematiques en Am&rique, 
une suite de plagiats mathgmatiques et historiques, 
et l'&olution du raisonnement arithmgtique. 
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1. THE TRADITION OF PASTURAGE PROBLEMS 
Suppose two oxen can eat four acres of grass in 
23 l/3 days. How many days would it take two oxen to 
eat three acres of grass? 
This is an example of a pasturage problem (in this case a re- 
phrasing of Salignacus [1616, 801). A more difficult version 
was introduced in the United States by Frederick Emerson [1834a, 
2861, and it became an object of study by Americans for the rest 
of the century. It is shown here how the history of Emerson's 
Pasturage Problem illustrates the strength of the tradition of 
standard arithmetic problems and dramatizes the isolation of 
American mathematics throughout most of the 19th century. The 
successive plagiarisms associated with the Pasturage Problem 
are traced in arithmetical and historical works, and, finally, 
it is seen that the history of Emerson's Pasturage Problem re- 
flects the changing standards of acceptable reasoning for 
arithmetical solutions. 
American arithmetics grew out of the tradition of 15th 
century commercial texts [Karpinski 1925, 78-85; Jackson 19061. 
Their purpose was to train adults to handle accounts, currency 
conversions, contracts, interest, etc. (Later we see how, under 
Pestalozzi's influence, there was a particularly significant 
modification in American arithmetics in 1821.) The contents of 
Robert Recorde's The Grounde of Artes became a model for these 
arithmetics [1542, Sig. a.vi. Recta-a.vii. Versol. 
Not only did the mathematical topics presented in the vari- 
ous arithmetics follow a similar pattern; the examples and 
exercises became standardized too. Thus, among problems util- 
izing proportion and elaborations of the rule of three were prob- 
lems of exchange, partnership, complicated wills, discount and 
interest, tare and tret (in shipping, allowances for the weight 
of containers and spoilage of the contents), wells filling and 
emptying with various pipes, mixtures, men working at different 
speeds, and pasturage problems. 
Smith 11925, 5571, citing Ramsay and Lanciani [1901, 5481, 
traced pasturage problems to the calculation of rent paid by 
tenant shepherds during the Roman occupation. A few later 
pasturage problems reflected this land rent basis or were posed 
as other economic problems involving partnership or mixed rates 
[Ray 1852, 112; White 1870, 242; Stoddard 1886, 114, 118, 119, 
1241, but this form of the problem was rare. 
Vera Sanford [1952, 5461 pointed out the sociological and 
economic significance of a pasturage problem found in a later 
(1579) edition of Recorde's Grounde of Artes: 
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There is supposed a Lawe made that for the furthering of 
tillage euerye manne that doeth keep sheepe, shall for 
euery 10 sheepe eare and sowe one acre of grounde; and 
for his allowance in sheepe pasture, there is appointed 
for euerye 4 sheepe 1 acre of pasture. Nowe there is a 
riche sheepemayster whiche hathe 7000 acres of grounde, 
and woulde gladlye keepe as many as hee mighte by that 
statue, I demaunde how many sheepe shall he keepe? 
It is interesting to note that, although the hypothetical law 
is motivated by the preservation of agriculture in the face of 
a rising wool market, its effect is reminiscent of the Roman ori 
gin of the pasturage problems. This problem is repeated (with 
7000 acres changed to 161 acres) in Ray's Algebra [1848, 1311, 
and again with different numbers in [Ray 1852, 941. 
The great majority of pasturage problems, however, were for- 
mulated in terms of calculating grazing requirements with pre- 
cision. Of course this could not have been the real purpose for 
the continued study, over the years, of pasturage problems: 
grazing requirements depend on the different kinds of soil, 
grasses, weather, particular animals, available silage, etc. 
Indeed, until Newton offered his version, none of the pasturage 
problems had taken into account the possibility that the grass 
grew as the aminals grazed. Yet long after their original use 
had passed, pasturage problems persisted in arithmetics. Smith 
[1925, 5571 counted the pages devoted to the subject in some 
texts: Werner (1561), 26 pages; Clavius (1583), 32 pages; 
Pagani (1593), 24 pages; Coutereels (1599), 40 pages; Schuere 
(1600), 26 pages; Cardinael (1674), 25 pages. 
Pasturage problems were frequently used as formal models to 
expound the rule of three (find x when a:b::c:x); they achieved 
the status of a paradigm. Salignacus' use of pasturage problems 
was typical. He used the example mentioned at the beginning of 
this article to demonstrate "outright proportion," following it 
with another example of a pasturage problem: 
If two oxen are 3 akers of land in 17% dayes, in how 
many dayes shall 7 oxen are 3 akers? This backward pro- 
portion is thus concluded: 2:7:17%:5. [Salignacus 
1616, 801 
In Robert Recorde's version the oxen were replaced by work- 
men, and the problem was put to fine pedagogical use: 
Question of nowinge: If 6 mowiers doe mowe 45 acres in 
5 daies, howe many mowers will nowe 300 acres in 6 daies? 
[Recorde 1542, Sig. M.i. verso]. 
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This was part of a dialogue between a Scholar and a Master, in 
which the Scholar demonstrated his proficiency by using the 
backward rule of three twice: 
S. If 45 acres do requyre 6 moweres, then 300 acres 
requireth 40. Nowe againe, if 5 daies requyre 40 
niowyres , then 6 daies nedeth but 33 moweres. 
The Master pointed out that the precise answer to the arithmetic 
problem should be 33 + 2/6 mowers, and went on to discuss how to 
get the remaining amount of mowing done. (This was the first 
time an answer to a proportion was not an integer or a payable 
amount of money.) 
Although Newton's Pasturage Problem also originated within 
this tradition, he created an entirely different mathematical 
problem simply by letting the grass grow: 
If the Number of Oxen a eat up the Meadow b in the Time 
c; and the Number of Oxen d eat up as good a Piece of 
Pasture e in Time f, and the Grass grows uniformly; to 
find how many Oxen will eat up the like Pasture g in 
Time h.... Example. If 12 Oxen eat up 3 l/3 Acres of 
Pasture in 4 Weeks, and 21 Oxen eat up ten Acres of 
like Pasture in 9 weeks; to find how many Oxen will 
eat up 24 Acres in 18 Weeks? [Newton 1728, 79-80, as 
reprinted in Whiteside 1967, 45-461 
Despite periodic reformulations of educational philosophy, 
substantial changes in student populations, and proposals to 
revise the mathematics curricula, the 400-year-old syllabus and 
its standard exercises remained influential. For example, Milne's 
Standard Arithmetic (copyright 1892, 1895, 1911, 1920) was a 
typical popular American arithmetic during the period when Ameri- 
cans had begun, at last, to carry out mathematical research and 
to place more emphasis on the study of science and technology. 
Yet Milne's text continued to reflect the traditional syllabus, 
modified slightly, but still emphasizing profit and loss, in- 
terest, exchange, proportions, and progressions. Like Robert 
Recorde, Milne used problems involving partnerships, the empty- 
ing and filling of wells, mixed prices, and men working at 
various speeds. On page 320 the topic of compound proportion 
is explained via this problem: 
If 6 men can mow 24 acres of grass in 2 days by working 
10 hours per day, how many days will it take 7 men to 
mow 56 acres of grass by working 12 hours per day? 
[Milne 1920, 3201 
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2. EMERSON'S PASTURAGE PROBLEM 
In 1834, Frederick Emerson, former Principal of the Depart- 
ment of Arithmetic, Boylston School, Boston, published the third 
and final volume of his North American Arithmetic. The number 
of subsequent editions listed in The National Union Catalog [Li- 
brary of Congress 1971, items NE109315 through NE1094451 indicates 
how successful an enterprise this was. 
Each volume of Emerson's series was aimed at a specific audi- 
ence. In contrast with Pike's Arithmetic [1788], for example, 
it was concise and designed as a teaching aid, rather than as a 
compendium of rules. As Emerson wrote in the Preface to his 
second volume, "The work is not intended to be a record of the 
science,--such as might befit the pages of an encyclopedia,--but 
a system of induction, through which the scholar may be led to 
the discovery of arithmetical truth.... Much of arithmetic is 
practised at school, but little is learned." Emerson's texts 
succeeded in helping students progress from mere rote cyphering 
to some genuine understanding of arithmetical processes. Indeed, 
Emerson was able to include, in the endpapers and back covers of 
his three volumes and answer keys, many enthusiastic endorsements 
of his Arithmetic by various principals, professors, and school 
boards (including, naturally, Boston's). Emerson claimed, more- 
over, that his text would have sold even more widely had only 
Horace Mann agreed to add his endorsement [Schultz 1973, 1471. 
Despite the numerous testimonials, Emerson's texts are extra- 
ordinarily dry, lacking the amusing and informative exercises 
found in other arithmetics [Freeman 1969, 39-54; Karpinski 1925, 
83-851. 
In Boston, Emerson's texts replaced Warren Colburn's First 
Lessons in Arithmetic on the Plan of Pestalozzi [1821]; like 
Colburn, Emerson appears to have followed Pestalozzi's approach 
[Monroe 1917, 53-1611. To Heinrich Pestalozzi, arithmetic was 
not simply a tool for merchants; its greatest value was in help- 
ing to discipline the mind. Indeed, arithmetic could be used to 
shape the mind of a child into a logical, creative, efficient, 
resourceful machine. Mental drill, special mnemonics, helpful 
tables, and particular aspects of textual organization were 
Pestalozzian hallmarks. However, Emerson was not as adept at 
(and perhaps not as interested in) textual explanations as 
C&burn. Thus Emerson's texts were restricted in their scope 
and graduated in their difficulty; they emphasized the develop- 
ment of a student's mind through oral problems. On the other 
hand, North American Arithmetic must have been boring. 
Two problems found in the North American Arithmetic offer 
an unexpected, if temporary, reprieve from Emerson's mechanical 
style. The first appeared at the end of Volume I; the fact that 
this problem seems to stand out dramatizes just how dry Emerson's 
writing was: 
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There is now another Arithmetic for you, larger than 
this, called the SECOND PART. If you are twice as long 
in that book as you have been in this, in what time 
will you get through it? [Emerson 1844, 481 
The second and more interesting problem was the final exercise 
in a list of Miscellaneous Questions found in the third volume. 
This exercise proved to be even more provocative than Emerson 
realized when he published it. 
If 12 oxen eat up 3% acres of grass in 4 weeks, and 21 
oxen eat up 10 acres in 9 weeks, how many oxen will eat 
up 24 acres in 18 weeks; the grass being at first equal 
on every acre, and growing uniformly? [Emerson 1834a, 
2861 
The problem became famous overnight in the United States. It 
was known as the Pasturage Problem, and its solution eluded Amer- 
icans for years. Yet, as was later revealed, this was Newton's 
problem, taken from Arithmetica Vniversalis without the accompa- 
nying solution. 
(This version of the Pasturage Problem is in itself somewhat 
perplexing. We invite the reader who has not yet tried to solve 
this problem to do so, particularly in the 19th-century arithmet- 
ical style, without manipulating algebraic equations.) 
The Preface to Emerson's Third Part was dated October 1834, 
and it was copyrighted and printed the same year. By June 1835, 
the National Teachers' Association announced a prize of $50 (in 
those days quite an impressive sum!) for the most "lucid analyt- 
ical solution" of Emerson's Pasturage Problem. The results of 
this contest, published in the Mathematical Monthly in 1859 
[Bigger 1859, 82-851, consisted of three separate discussions 
appearing next to each other: 
a. The first of these appeared in an article by the Honorable 
Finley Bigger, Register of the U.S. Treasury. Bigger gave a some- 
what mystifying, semantic analysis of the Pasturage Problem. He 
decided that one could choose to reinterpret, or even to ignore, 
the words, "being equal and growing uniformly." Thus, he was 
able to offer three different solutions, namely, 37 113/175 oxen, 
37 167/175 oxen, and 21 26/35 oxen. 
b. The editors of the Monthly attached to the beginning of 
Bigger's article a long footnote containing the full report of 
the Prize Committee. The Chairman, Mackintosh, wrote, "The com- 
mittee have given a very careful and patient attention to the 
labors of the trust confided to them." Indeed, it took the com- 
mittee at least three years to collect and grade the results of 
112 entries, and the National Teachers' Association took almost 
a generation to publish the report in the Mathematical Monthly! 
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The committee accepted 37 113/175 oxen as the single correct ans- 
wer. Only 48 contestants had submitted this answer. The entries 
were classified by method of solution as either "algebraical," 
or "those performed either by position or proportion," or "strict- 
ly analytical." Only the latter were permitted. [An "analytical" 
solution presents each step and equation as an English (i.e., 
rhetorical) statement referring to the original problem. The 
arguments may depend heavily on proportions, but they do not use 
the formal language or notation of proportions, nor do they use 
algebraic symbols.] The committee published the winning solution, 
by James Robinson, Principal of the Department of Arithmetic, 
Bowdoin School, Boston. (Macintosh and Robinson should have had 
an interest in the Pasturage Problem from the start; they both 
signed an endorsement of the North American Arithmetic dated No- 
vember 16, 1834 [Emerson 1834b, endpaper].) 
C. The Editors appended a final note endorsing the single 
answer of 37 113/175 oxen and including their own solution. 
Ironically, the Editors' solution is more "algebraical" than 
"analytical"! 
In 1876, forty two years after Emerson published the third 
part of the North American Arithmetic, Alexander Evans reviewed 
the history of the Pasturage Problem in the United States. He 
wrote: 
But neither Mr. Emerson, nor the Committee, nor Mr. 
Robinson, nor Mr. Bigger, nor the National Teachers' 
Association alludes, nor do the Editors of the Mathemat- 
ical Monthly allude to the fact that the question, with 
the exception of a curious misprint, is taken from 
Arithmetica Universalis of Newton, which contains be- 
sides, a "lucid analytical solution." [Evans 1876, 75-781 
Evans described Newton's solution, pointing out that the 
problem had originally stated “12 oxen in 4 weeks eat up 3 l/3 
acres" (hence the "curious misprint"), and that the solution 
would then be 36 oxen. He used this opportunity to trace vari- 
ous editions of the Arithmetica Universalis and to conclude that 
"the Universal Arithmetic deserves an American Edition, with 
notes and comments by some mathematician of ability." 
Americans were sufficiently interested in elementary mathe- 
matics to organize the contest and to participate in and comment 
on it. Although their interest in technical matters was devel- 
wing, their knowledge was meager. Americans were so isolated 
from the mainstream of science that they were unfamiliar with 
Newton's work. Furthermore, only 48 people submitted correct 
solutions of the Pasturage Problem to the Prize Committee. 
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3. COPIES OF COPIES 
The Pasturage Problem is the center of a much more ironic 
story than even Evans knew--a story of some authors who used 
scrupulous citation, some who innocently duplicated older mater- 
ial, some who conveniently neglected to spell out the details of 
previous discoveries, and some who were involved in outright 
plagiarism. 
The chronological sequence outlined below illustrates how, 
even in the case of a relatively insignificant, if provocative, 
arithmetic problem, we may find repeated cases of the conflicts 
between a scholar's desire for recognition and his sense of 
honesty. 
1707: Newton's authorized edition of Arithmetica Universalis, 
with his version of the Pasturage Problem and its solution, 
appeared. 
1751: Francis Walkingame's very popular The Tutor's Assist- 
tant was published in London. Examination of a later edition 
reveals that the concluding section contained Newton's problem 
verbatim, together with the correct answer of 36 oxen [1828, n.p., 
"Promiscuous Questions," problem 1211. Walkingame did not justify 
the answer, nor did he cite Newton as the author of the problem. 
1834a: Emerson copied the Pasturage Problem (either directly 
from Newton or, perhaps, from some intermediate source, such as 
Walkingame) and published it in the third volume of the North 
American Arithmetic. There was a transcription error, changing 
3bsto 3%. The problem's difficulty and the popularity of 
Emerson's text must have posed a dilemma for Emerson. As we 
shall see, he was probably unable to solve the Pasturage Problem 
himself, claiming that he had been aware of its difficulty all 
along. Furthermore, despite the discrete word'ing in, for example, 
the reports in the Mathematical Monthly (1859), it is clear (see 
discussion for 1836) that the $50 prize awarded by the National 
Teachers' Association had been provided either by Emerson himself 
or by his publisher. 
1834b: A Key to‘ Emerson's third volume appeared (with en- 
dorsements by Benjamin Pierce, P. Macintosh, James Robinson et 
al.). The Pasturage Problem remained unsolved, but the Key con- 
tained the following passage: 
137. This question has troubled many arithmeticians, 
and various answers have been given to it. It is in- 
troduced into the N. A. Arithmetic merely as a matter 
of curiosity, and scholars who shall have performed all 
the preceding examples, may be considered as having mas- 
tered the subject of arithmetic, although they may not 
be able to give a satisfactory answer to this question. 
The solution in which the author confides [sic], will be 
published in the National Intelligencer and in the Globe, 
of January 1, 1836. [Emerson 1834b, 591 
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1835: The National Teachers' Association announced the 
contest. 
1836: As promised, a notice appeared in the Daily National 
Intelligencer on January 1, 1836 (p. 3). The "true answer" was 
false, and it was italicized in the paper: 
PRIZE QUESTION.--A premium of fifty dollars was, several 
months since, offered by us, for the most lucid solution 
of the last Problem in Emerson's North American Arithme- 
tic. Ninety-six solutions have been sent in, forty- 
three of which gave the true answer--it is 37 and 113 
one hundred-fifteenths. The solutions are in the hands 
of a committee, who will in a few weeks decide which is 
the most lucid; and the successful author will be prompt- 
ly notified. The entire report of the committee will be 
subsequently published. 
Boston, Dec. 24 
jan. 1 
RUSSELL, SHATTUCK & CO. 
1838: Emerson obtained a copyright to another answer key. 
This key (according to an 1853 edition) contained two relevant 
items: one was the full report of the Prize Committee, appended 
at the end of the book [1853, 70-721, and the other (p. 4) was 
an indignant protest against plagiarizers (Davies inferred; see 
1845 discussion)! "Soon after the publication of the First Part 
of the North American Arithmetic, several books appeared, which 
were evident violations of its copy-right. One of these books 
has been suppressed; and the others have not been thought worth 
noticing.... Redress will be sought . .." 
1842: Uriah Parke (pp. 245-247) wrote, "We shall close the 
present lecture with a question that is said to have originated 
with Sir ISAAC NEWTON, and that has puzzled thousands, though it 
involves little difficulty when well understood." Parke gave 
Newton's original problem (with 3 l/3 acres) but he did not cite 
the specific work in which it appeared: it is very likely that 
he used an intermediate source. Parke gave his own solutions; 
he mentioned Emerson, the prize, and the misprint, adding that 
the prize solution "has never appeared to me a very lucid affair." 
1845: Frederick Emerson published The Case of Frederick 
Emerson versus Charles Davies and Alfred S. Barnes. According 
to Karpinski [1940, 4711: "This is an action for infringement 
of copyright of the North American Arithmetic, Part First, by 
Davies in his First Lessons in Arithmetic. The case was finally 
settled out of court; apparently Davies paid something and Emerson 
made a statement that the plagiarism or violation was accidental." 
(Davies was the man who upgraded American mathematics by trans- 
lating, disseminating, and then claiming authorship of standard 
European texts [Jones 1967, 50-51; Karpinski 19401.) 
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1848: Ray's Algebra gave a solution to the Pasturage Prob- 
lem 11848, 156-1571. The numbers used were not Newton's, and 
neither Emerson nor Newton was cited. (This is the text, cited 
in Section 1, that repeated Robert Recorde's unusual pasturage 
problem.) 
1851: Greenleaf published the National Arithmetic. According 
to Artemas Martin [1882a, 201 this edition contained (on pp. 173- 
175) the Pasturage Problem with a solution by double position. 
Martin said that Greenleaf "credits the problem to Fenn's Algebra, 
but [Greenleaf] says: 'It is believed, however, that Sir Isaac 
Newton was the author of it."' Examination of [Greenleaf 1859, 
4171 reveals Newton's version of the problem and not Emerson's; 
the solution was not included. The 1861 edition of the Key to 
Greenleaf's National Arithmetic contained a proof by double po- 
sition, but by this time all citations had disappeared [Greenleaf 
1861, 218-2191. 
1859: Bigger reviewed the report of the Prize Committee. 
The Editors of the Mathematical Monthly disowned two of Bigger's 
three solutions. 
1871: In his British arithmetic text, Colenso discussed the 
answers (using proportion) to various "Questions on the uniform 
consumption of uniformly growing produce" [1871, 174-1761. He 
did not cite Newton, and he composed his own problems. Citing 
his algebra text [Colenso 1871, 621 and Hunter's Art of Teaching 
Arithmetic (p. 105), Colenso also presented a problem (equivalent 
to the pasturage problem) of paying workmen from the interest on 
a fixed principle. 
1876: Evans revealed that Emerson had copied Newton. Since 
Evans mentioned no other source (for example, Parke or Greenleaf) 
and discussed various editions of Arithmetica Universalis, it is 
likely that he traced the problem to Newton on his own. 
1882: Artemas Martin, the editor of The Mathematical Maga- 
zine, wrote two articles for this journal. In the first article 
[1882a, 17-221 he remarked, "[The Pasturage Problem] was published 
in Sir Isaac Newton's Arithmetica Universalis in 1704, and I have 
not been able to trace it to any earlier work. It has been fa- 
mous among arithmeticians since the days of its illustrious au- 
thor, and has been copied into many arithmetics and algebras 
down to the present time." Following this, Martin gave Newton's 
solution, and while doing so made a "curious misprint" of his 
own! Then, after referring to Emerson's text and the $50 prize, 
Martin reprinted Robinson's prize solution, saying it "is not 
very 'lucid,' and it is liable to at least one other objection-- 
it makes 'mince-meat' of the oxen. Newton's method of solution 
must also plead guilty to the charge of 'cruelty to animals."' 
Next Martin discussed Bigger's confusing and incorrect review. 
Martin stated in passing that in 1876 Evans "contributed an ex- 
cellent article on the 'Problem of the Pasturage'"; but, Martin 
left the impression that he himself deserved credit for unraveling 
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the origin of Emerson's problem. Then Martin presented his own 
solution and one from Greenwood. After a variant of the problem, 
he gave, with another misprint, a solution "from Fenn's Algebra, 
a quaint old work of the last century published at Dublin with- 
out any date." (Fenn's solution is presented below.) Martin 
concluded by citing solutions by Mole (1778, Algebra, pp. 25-26, 
137, London), Parke (see 1842 note), Stoddard (Practical Arith- 
metic, p. 282), and Greenleaf (see 1851 note). In Martin's 
second article [1882b, 43-441 he included a solution by Davies 
and Peck (this is the same Davies who feuded with Emerson), and 
corrected a misprint from [1882a]. 
1890: Cajori's historical monograph was published by the 
U.S. Bureau of Education. Unable to resist a good story, Profes- 
sor Cajori wrote: 
Neither Mr. Emerson, nor the committee, nor Mr. Robinson, 
nor Mr. Bigger, nor the National Teachers' Association, 
nor the Mathematical Monthly, alludes to the fact that 
the question is taken from the Arithmetica Universalis 
of Sir Isaac Newton, published in 1704, which contains 
a "lucid analytical solution." [Cajori 1890, 1101 
Cajori noted that Martin had published several solutions and, 
further, that Martin had objected to Robinson's solution for not 
being very lucid, and for making mincemeat of the oxen. Cajori 
never mentioned Evans. (Compare the quote from Evans in Section 2.) 
4. SOLUTIONS--LUCID AND ANALYTICAL 
The search by American mathematicians for a lucid analytical 
solution to the Pasturage Problem began with the publication of 
Emerson's text. The comments accompanying some of the solutions 
make clear what was meant by an "analytical" solution, as opposed 
to a literal solution, or algebraical solution, or solution by 
position or by proportion. A strictly analytical solution was 
to be a tightly worded narrative that does not rely on general- 
izations of the particular problem at hand. However, the criter- 
ia for lucidity varied from person to person. 
Despite Finley Bigger's semantic obfuscation, acceptable 
analytical solutions were offered by James Robinson, Uriah Parke, 
the Editors of the Mathematical Monthly, Alexander Evans, Artemas 
Martin, and others. Only Evans and Cajori (copying Evans) spec- 
ifically called any solution "lucid," reserving that term for 
Newton's solution. Artemas Martin gave a pithy critique of all 
the solutions, including Newton's. 
I confess that I found Newton's solution far from lucid. I 
presented it (in good faith) to a seminar of colleagues who are 
active researchers in various areas of mathematics. None of us 
were entirely able to bridge the gaps in several statements. 
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Examination of the different solutions confirmed that we were 
suspicious of analytical arguments and lacked the proper train- 
ing to carry out this rather antiquated type of argument. Of 
all the solutions presented in the last 120 years, the more al- 
gebraic ones seemed the most accessible and lucid to us. 
Here are three solutions to the Pasturage Problem; in each 
a different method is used. The first solution is Newton's; it 
is strictly analytical. Newton first gave a "literal" solution, 
after which the analytical solution was produced, merely by re- 
placing letters with numbers. (See the quotation from Newton in 
Section 1 above.) The second sample solution is Fenn's, as quoted 
by Martin (with the correction by this author of a minor error). 
This was definitely an "algebraical" solution, but it retained 
an analytical flavor: the textual remarks refer to the oxen, 
meadow, etc. Furthermore, the algebraic operations were closely 
related to exposition, e.g., as the oxen are divided into two 
herds. The third solution--this author's--makes use of modern 
terminology and techniques. The Pasturage Problem is reduced to 
a system of linear equations, which are solved by a general algo- 
rithm that is unrelated to the original problem. Of all the so- 
lutions offered (and there are many others in the references) the 
author found Fenn's the most appealing. 
Newton's analytical solution: 
If 12 Oxen eat up 3 l/3 Acres of Pasture in 4 Weeks, and 
21 Oxen eat up 10 Acres of like Pasture in 9 weeks; to 
find how many Oxen will eat up 24 Acres in 18 Weeks? . . . 
As if 12 Oxen in 4 Weeks eat up 3 l/3 Acres, then by Pro- 
portion 36 Oxen in 4 Weeks, or 16 Oxen in 9 Weeks, or 8 
Oxen in 18 Weeks, will eat up 10 Acres, on Supposition 
that the Grass did not grow. But since by reason of the 
Growth of the Grass 21 Oxen in 9 Weeks can eat up only 
10 Acres, the Growth of the Grass in 10 Acres for the 
last 5 Weeks will be as much as would be sufficient to 
feed the Excess of 21 Oxen above 16, that is 5 Oxen for 
9 Weeks, or what is the same Thing, to feed 5/Z Oxen for 
18 Weeks. And in 14 Weeks (the Excess of 18 above the 
first 4) the Increase of the Grass, by Analogy, will be 
such, as is to be sufficient to feed 7 Oxen for 18 Weeks; 
for it is 5 Weeks:14 Weeks::S/Z Oxen:7 Oxen. Wherefore 
add these 7 Oxen, which the Growth of the Grass alone 
would suffice to feed, to the 8, which the Grass without 
Growth after 4 Weeks would feed, and the Sum will be 15 
Oxen. And, lastly, if 10 Acres suffice to feed 15 Oxen 
for 18 Weeks, then, in Proportion, 24 Acres would suffice 
36 Oxen for the same Time. [Newton 1728, 79-80, as re- 
printed in Whiteside 1967, 45-46.1 
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Fenn's algebraical solution: 
Suppose a oxen eat b acres of grass in c weeks, and 
d oxen eat e acres in f weeks. Find x, the number of 
oxen that will eat the grass of g acres in h weeks. 
It is plain that the conditions of the problem do 
not express the relations requisite for forming equa- 
tions, but as it is question of the quantity of grass in 
each meadow when the oxen entered and what grew during 
their stay, I divide the oxen of each meadow into two 
herds; I suppose the first to eat up the grass grew in 
each meadow when they entered, and the second to eat up 
the grass which grows, hence I suppose 
a=y+z, d=t+u, x=r+s. 
I first consider the oxen which eat up the grass al- 
ready grew, and observing that the number of oxen to eat 
up a meadow should be greater in proportion as the mead- 
ow is greater and the time is less, I make the two pro- 
portions 
y:t = b/c:e/f and y:r = b/c:g/h 
from which I deduce t = ecy/(bf) and r = cgy/(bh). 
I next consider the oxen which eat up the grass 
which grows whilst the others eat up the grass already 
grew, and observing that their number should be greater 
in proportion as the meadows are greater, without any 
regard being had to the time, I make the two proportions 
z:u = b:e -and z:s = b:g, 
from whence I deduce the values of z and s, viz. 
z = bu/e and s = gz/b. 
Now having seven equations and seven unknown quanti- 
ties, 
a = y + z, d=t+u, x=r+s 
t = ecy/(bf), r = cgy/(bh), z = bu/e, s = gz/b. 
Substituting in the third equation for s and r their 
values, there results 
x = (gu/el + cgY/ W-4, 
and deducing from the equations 
a = y + bu/e and d = ecy/(bf) + u, 
y = (aef-bdf)/[e(f-c)] and u = (bdf-ace)/[b(f-c)], 
and substituting those values of y and u in the equation 
x = (w/e) + cw/ Oh), 
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I find 
x = [gh(bdf-ace) + cfg(ae-bd)]/beh(f-c). 
[Martin 1882a, 21-221 
My solution follows: 
Let N = number of oxen, A = number of acres, T = number of 
weeks, h = initial height of grass (inches), e = rate of eating 
(acre-inches per week per ox), and g = rate of grass growing 
(inches per acre per week). 
Now the grass standing initially (hA) added to the grass 
which has grown (AgT) is equal to the total grass eaten (NeT). 
This must be true in the two given instances as well as in the 
third, unsolved instance. That is, 
hAI + AlgTl = NIeTI, given that A1 = 3 l/3, T1 = 4, iV1 = 12, 
M2 + A2gT2 = N2eT2, given that A2 = 10, T2 = 9, N2 = 21, 
hA3 + A3gT3 = N3eT3, given that A3 = 24, T3 : 18, find N3. 
There are three equations in the four unknowns N3, h, e, and 
g. However, we need only find N3. Dividing the equations by g, 
letting x = e/g and y = h/g, and substituting the given infor- 
mation, we arrive at 
48x - (10/3)y = 40/3, 
189x - 10~ = 90, 
l8xN3 - 24~ = 432. 
The first two equations yield x = 10/9, and y = 12, from 
which N3 = 36 follows. 
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